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A B S T R A C T
Objectives: The 21st century has an increasing elderly population at risk of cerebrovascular
disease (CVD). Efficient care for recovering functional status is emphasized among policy
makers. We investigated whether rehabilitation and its early initiation provided for CVD
patients produced functional recovery in acute care hospitals.
Methods: Using a Japanese administrative database during a 4-month interval from 2004 to
2008 in patients ages15 years,wemeasured the demographics, consciousness level at admis-
sion, comorbidities, complications, procedures, ventilation administration, initiation day of
rehabilitation, and hospital characteristics. Outcomes included total charges (TC) and func-
tional status measured by the Barthel index (BI). Multivariate analysis measured the impact of
rehabilitation and its early initiation on outcomes. To reduce the selection bias of rehabilitation
and the ecological fallacy, we used propensity score matching and the linear mixedmodel.
Results: Excluding 488 deceased patients, we analyzed 45,014 CVD patients. Rehabilitation
at a generalized unit produced greater BI improvement thanno rehabilitation or at intensive
care units. A longer hospitalization, but not a 1-day delay of rehabilitation initiation, re-
sulted in less BI improvement and more TC. A higher patient volume and academic hospi-
tals were associated with more TC but not with BI improvement.
Conclusions: Rehabilitation, but not the timing of rehabilitation,might accompany functional
recovery in acute care hospitals. Because the hospital mix or medical units can explain the
variation in the quality of rehabilitation, policy makers, along with monitoring unnecessary
long hospitalizations, should encourage a referral policy for rehabilitation-intensive facilities
and develop effective rehabilitation using technology to optimize functional outcomes.
Copyright © 2011, International Society for Pharmacoeconomics and Outcomes Research
(ISPOR). Published by Elsevier Inc.
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167V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 6ntroduction
n Japan as well as most developed countries, the 21st century
as an increasing elderly population and low economic
rowth in gross domestic product, although the rate of the
ncrease in growth varies among countries [1,2]. Suzuki esti-
ated that the proportion of people age 65 years or older will
ump up to 39.6% in the fiscal year (FY) 2050 from 21.5% in FY
007; surely, Japan will be the first country to face an ex-
remely aged population and the concern of financing the
ealth care system to maintain the longest life year expect-
ncy (LYE) [1,3]. As LYE increases, the mortality of noncom-
unicable diseases is decreasing, but the discharge rate for
hem is not [1]. Managing the care of the aged populationmust
ontinue tomaximize the health recovery from those diseases
s well as minimize the risk for noncommunicable diseases.
These implications are universal among other developed
ountries, and they will have to decide how to concurrently
aintain the sustainability of their health care systems while
ontrolling health care expenditure. Therefore, for patients to
emain healthier, disease management, including preventive
nterventions or rehabilitation for patients with noncommu-
icable diseases, has been emphasized because the degree of
unctional recovery could determine the extent of their social
nvolvement after discharge from acute care hospitals [4,5].
mong the more prevalent noncommunicable diseases such
s cancer and cardiovascular and cerebrovascular diseases
CVD), there have been many research reports that have eval-
ated or advocated early rehabilitation or multidisciplinary
are for CVD patients because it is believed that the economic
urden of the impairments derived from CVD cannot be ig-
ored [6–8].
Previous studies have focused on care-related short- or
ong-term outcomes: mortality, institutionalization, resource
se such as length of hospital stay (LOS) or cost, delivery of
ealth services, and functional recovery estimated by activity
f daily life [7–17].
Accumulating evidence emphasizes that CVD care systems
r services, which are derived from hospitals with several
ypes of functions [9–12], recommend rehabilitation or early
upported discharge services in the association-endorsed
uidelines [4,5,12,18]. Effective rehabilitation interventions
hat are initiated early after stroke can enhance the recovery
rocess andminimize functional disability. Therefore, the ap-
ropriate initiation of rehabilitation, which has been deter-
ined by studies performed in postacute rehabilitation facil-
ties, should be confirmed in an acute care setting [6,18]. Life-
hreatening problems such as invasive surgical procedures or
ritical care interventions such as ventilation administration,
hich would affect neuromuscular complications and reha-
ilitation initiation, also should be considered and quantified
n these confirmation community-based studies [18–20]. In
ddition, some selection bias concerning the start of rehabil-
tation should be considered concurrently when the appropri-
te initiation of rehabilitation is sufficiently measured by ad-
usting for patient case-mix or hospital characteristics [21]. If
tudies addressed the advantage of sparing resource utiliza-
ion, they would surely contribute to the policy implications teared toward reducing the variation in the timeframe of re-
abilitation initiation among acute care hospitals [19]. Using
ehabilitation indicators, the appropriate rehabilitationwill be
eimbursed to a greater degree or the rehabilitation referral
olicy may be validated or developed by targeting the less
fficient hospitals.
Before emphasizing the value of rehabilitation for elder pa-
ients or implementing this policy, it is imperative to evaluate
hether rehabilitation in acute care hospitals accelerates
unctional recovery and whether early initiation of rehabilita-
ion improves functional recovery and reduces resource use.
n this study, we investigated whether rehabilitation in acute
are hospitals produces BI improvement and, if this is the case,
hether early initiationof rehabilitation improves functional re-
overyand reduces resourceuse.Wealsoexaminedwhether the
ombination of age and timing of rehabilitation initiationwould
ffect functional recovery as well as resource use.
ethods
atabase
his was an observational study that used a Japanese admin-
strative database collected annually, during the 4 months
rom July to October from FY 2004 to 2008. In cooperation with
ur research team and clinical societies, this database was
riginally developed and maintained as a Japanese case-mix
lassification system in FY 2002 by the Ministry of Health, La-
our, andWelfare. It was used to profile hospital performance
nd assess payments across 82 academic and 1346 commu-
ity hospitals in FY 2008.Most of these hospitals provide acute
are, promote medical research, and teach medical students
nd postgraduate trainees, especially in academic hospitals.
Among the hospitals that participated voluntarily and con-
ecutively in our project from FY 2004, we analyzed CVD pa-
ients age 15 years. Our database contained discharge sum-
aries and claims data for each hospital, and the strength of
his database was that it contained the quantity or the time of
very service delivered in an electronic format. This research
roject was approved by the ethics committee of the Univer-
ity of Occupational and Environmental Health in Kitakyushu,
ukuoka, Japan.
ariable definition
tudy variables included patient age, sex, mortality, use of
mbulance, institutionalization (discharge to other facilities,
ot home), principal diagnosis at admission, consciousness
evel at admission, admission to an intensive care unit (ICU)
ncluding a stroke unit, pre-existing comorbidity, surgical pro-
edure provided, use of ventilation or rehabilitation, the type
f medical units at which the rehabilitation was first provided
ICU or other generalized units of general medical wards in-
luding the neurological ward), procedure-related complica-
ions, patient volume, hospital teaching status (community or
cademic), and FY.
Age was categorized into four categories: 15 to 64 years, 65o 74 years, 75 to 84 years, and 85 years. The principal diag-
168 V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 6Table 1 – Patient characteristics and outcomes by rehabilitation.
No rehabilitation Rehabilitation p
Overall 26060 18954
Age
Mean age [SD] 68.1 [13.8] 70.7 [12.5] 0.001†
15–64 years 9106 (34.9) 5492 (29.0) 0.001
65–74 years 7826 (30.0) 5523 (29.1)
75–84 years 6693 (25.7) 5570 (29.4)
85–years 2435 (9.3) 2369 (12.5)
Gender 0.001
Male 15964 (61.3) 11147 (58.8)
Ambulance use 8325 (31.9) 8684 (45.8)
Transfer at other facilities 4701 (18.0) 7573 (40.0) 0.001
Principle disease
Transient ischemic attack 3251 (12.5) 262 (1.4) 0.001
Lacunar infarction 2466 (9.5) 2963 (15.6)
SAH 1300 (5.0) 1142 (6.0)
Hemorrhage 2471 (9.5) 3529 (18.6)
Nontraumatic subdural hematoma 2210 (8.5) 539 (2.8)
Infarction 10184 (39.1) 9726 (51.3)
RIND 4178 (16.0) 793 (4.2)
Consciousness level at admission
Alert 19234 (73.8) 10730 (56.6) 0.001
Drowsy 4568 (17.5) 5155 (27.2)
Semicoma 1394 (5.3) 2040 (10.8)
Coma 864 (3.3) 1029 (5.4)
Barthel index at admission
Dependent 8695 (33.4) 10767 (56.8) 0.001
Assisted independence 2156 (8.3) 1944 (10.3)
Nearly complete independence 15209 (58.4) 6243 (32.9)
ICU admission 4298 (16.5) 5580 (29.4) 0.001
Charlson comorbidity index
1 6792 (26.1) 5259 (27.7) 0.001
2 2732 (10.5) 3263 (17.2)
3 767 (2.9) 1167 (6.2)
4 or more 284 (1.1) 410 (2.2)
Preexisting cerebrovascular disease 4217 (16.2) 3156 (16.7) 0.184
Preexisting dementia 89 (0.3) 55 (0.3) 0.341
Atrial fibrillation or flutter 1480 (5.7) 1839 (9.7) 0.001
Procedure related complication 318 (1.2) 230 (1.2) 0.948
Deep vein thrombosis and pulmonary embolism 42 (0.2) 71 (0.4) 0.001
Procedure
Surgical procedure present 5484 (21.0) 3829 (20.2) 0.029
Ward of rehabilitation initiated
Generalized unit *** 16161 (85.3) ***
ICU 2793 (14.7)
Ventilation
Administered 734 (2.8) 984 (5.2) 0.001
Hospital volume
LVH 9178 (35.2) 5578 (29.4) 0.001
IVH 8827 (33.9) 6396 (33.7)
HVH 8055 (30.9) 6980 (36.8)
Teaching status
Community 16556 (63.5) 14411 (76.0) 0.001
Academic 9504 (36.5) 4543 (24.0)
Fiscal year
2004 6816 (26.2) 1980 (10.4) 0.001
2005 8010 (30.7) 2341 (12.4)
2006 5482 (21.0) 6344 (33.5)
2007 3203 (12.3) 4197 (22.1)
2008 2549 (9.8) 4092 (21.6)(continued on next page)
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169V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 6osis of CVDwas recorded using the appropriate International
lassification of Diseases 10th Revision codes and categorized
s transient ischemia (TIA; G45), lacunar status (G46), hemor-
hage (I61), subarachnoid hemorrhage (SAH; I60), subdural he-
atoma (I62), infarction (I63), and reversible ischemic neuro-
ogical deficits (I65-6). Up to four comorbidities and four
omplications could be captured in this database.
Because the consciousness level had been assessed by the
apan Coma Scale in Japan, we categorized assessment in to
our categories: alert, drowsy (Japan Coma Scale: 1, 2, 3), semi-
oma (10, 20, 30), and coma (100, 200, 300) [22,23].
Weighted comorbidity status was calculated using the
harlson Comorbidity Index (CCI), which includes dementia
nd cerebrovascular diseases [24]. Pre-existing atrial flutter or
brillation also was examined. Dementia, pre-existing CVDs,
nd atrial flutter or fibrillation also were studied individually.
he surgical procedures for CVD were as follows: percutane-
us endovascular interventions (e.g., coil implantation, angio-
lasty, or thrombolysis), carotid endarterectomy, clipping, de-
ompression craniotomy, and evacuation of intracranial
ematoma.With regard to complications, deep vein thrombo-
is, pulmonary embolism, and procedure-related complica-
ions were examined, and the latter included wound compli-
ations, hematoma, lacerations, and disruption of the treated
rgans by instrumentation or manipulation (T81–T87) [25].
In this database, disability status was assessed by the Bar-
hel index (BI) score at admission and at discharge. BI at ad-
ission was grouped into the following categories: BI  59
dependent); 60 BI 84 (assisted independence); and BI 85
nearly complete independence) [26]. The BI improvement
core was determined as the BI at discharge minus BI at ad-
ission if the improvement was more than zero. The change
n BI was categorized into three BI improvement categories:
mprovement, no change, and deterioration [27]. For hospital
ariables, hospital volume and academic status were exam-
ned. The former was categorized into high-, intermediate-, or
ow-patient-volume hospitals; each group had an equal num-
er of patients. Academic hospitals included university hos-
itals, the National Cardiovascular Center, and the National
ancer Center, which are involved in educating medical stu-
ents and postgraduate trainees and clinical research.
The dependent variables were change in BI, LOS, and total
Table 1 (continued)
No
Improvement of BI
Deterioration
No change
Improvement
Resource use
Mean LOS, days [SD]
Mean TC, $ [SD]
BI improvement, Mean, median [SD, IQ] 1
SD, Standard deviation; SAH, subarachnoid hemorrhage; RIND, revers
tile range; LVH, low hospital volume; IVH, intermediate volume hos
charge.
† : tested by analysis of variance. Remainder by chi-square test.
*** : not examined.ospital charge (TC; 1US$  100 yen) billed during admission ts a proxy for total cost [28]. In Japan, the delivery of hospital
ervices is determined by a standardized fee-for-service pay-
ent system known as the nationally uniform fee table. In
his study, TC included physician fees, instrument costs, lab-
ratory or image test costs, and administration fees. Deceased
atients were excluded from this analysis.
tatistical analysis
ategorical variables were presented using numbers and pro-
ortions by rehabilitation initiation categories and tested us-
ng the chi-square test. Continuous variables were reported as
ean and standard deviation and compared by analysis of
ariance. Dependent variables were LOS, TC, and BI improve-
ent as outcomes. Amultiple logistic regression analysis was
sed to determine the effect of study variables on the selec-
ion of rehabilitation. To reduce the selection bias of the indi-
ations for rehabilitation, we used a propensity score match-
ngmethod (one by one) and compared again the resource use
nd outcome by the use of rehabilitation [21]. To control for
he hospital location and the variation in every hospital prac-
ice for multidisciplinary treatment, study hospitals were
andled as random intercepts in three mixed linear study
odels [11,12]. Model 1 attempted to identify the impact of
ehabilitation provision ondependent variables of BI improve-
ent and TC compared with no rehabilitation. Model 2 mea-
ured the impact of early rehabilitation initiation on BI im-
rovement and TC among the rehabilitation group. Age
ategory was treated as a random slope to examine the inter-
ction between age and early rehabilitation initiation among
he rehabilitation group (Model 3). Because LOS and the day of
ehabilitation were not found to be strongly correlated in this
tudy (Spearman correlation coefficient 0.350, P  0.001), LOS
as enrolled as covariate in the threemodels. LOS, whichwas
trongly correlated with TC (Spearman correlation coefficient;
.883, P 0.001), was enrolled as a covariate in the threemod-
ls because we believe that a more explicit impact of rehabil-
tation on TC could be achieved if the effect of fixed charged
osts was removed from the TC. Statistical analysis was per-
ormed using SPSS version 16.0. All reported P values were
bilitation Rehabilitation p
9 (3.1) 1114 (5.9) 0.001
7 (64.1) 8246 (43.5)
4 (32.8) 9594 (50.6)
[17.7] 29.5 [23.6] 0.001†
[8332] 12711 [11424] 0.001†
[28, 15] 20.4, 5 [32.9, 40] 0.001†
schemic neurological deficits; ICU, intensive care unit; ID, interquar-
; HVH, high volume hospital; LOS, length of hospital stay; TC, totalreha
79
1671
854
16.0
6906
3.5, 0
ible i
pitalwo-tailed, and the level of significance was set at 0.05.
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mong a total of 45,502 CVD patients in 151 hospitals (41 ac-
demic and 110 community hospitals), 488 (1.1%) mortality
ases were excluded (1.5% in the no rehabilitation category,
.4% in the rehabilitation category). There were 18,954 (42.1%)
atients in the rehabilitation category. Mean age and the pro-
ortion of older patients age 75 years were significantly
igher in the rehabilitation category compared with no reha-
ilitation category. The proportion of sex, ambulance use, and
ischarge status were significantly different by rehabilitation.
AH, hemorrhage, and infarction were significantly more fre-
uent in the rehabilitation category. More rehabilitation was
rovided for patients who had worse consciousness levels;
atients in dependent and assisted independence categories
Table 2 – Logistic regression analysis of factors associated
Age (for 65 years)
65–74 years
75–84 years
85–years
Male
Ambulance
Principle diagnosis (for transient ischemic attack)
Lacunar infarction
SAH
Hemorrhage
Nontraumatic subdural hematoma
Infarction
RIND
Consciousness level at admission (for alert)
Drowsy
Semicoma
Coma
Barthel index at admission (for dependence)
Assisted independence
Nearly complete independence
ICU Admission
Charlson comorbidity index (for zero)
1
2
3
4 or more
Preexisting cerebral vascular accident
Preexisting dementia
Atrial fibrillation or flutter
Procedure related complication
Deep vein thrombosis and pulmonary embolism
Procedure (reference; Medical)
Ventilation
Hospital volume (reference; LVH)
IVH
HVH
Hospital (reference; Community)
Academic
Fiscal year 2004–09
Year by year
Cox & Snell, NagelkerkeSAH, Subarachnoid hemorrhage; RIND, reversible ischemic neurological deficr with a higher CCI; patients with atrial fibrillation or flutter
nd deep vein thrombosis, pulmonary embolism, or both; and
hose who received ventilation administration. There was an
ncrease in rehabilitation for every year that passed in this
tudy. Mean LOS, mean TC, and mean BI improvement scores
ere significantly higher in the rehabilitation category than
o rehabilitation (Table 1).
Patients with lacunar infarction, hemorrhage and infarc-
ionweremost likely to receive rehabilitation (OR14.972 [95%CI
2.967–17.286]; OR 13.988 [95% CI 12.079–16.200]; OR 12.418 [95%
I 10.847–14.216], respectively), whereas thosewhowere almost
ompletely independent had pre-existing dementia or were ad-
itted to academic hospitalswere least likely to receive rehabil-
tation (OR 0.478 [95% CI 0.452–0.505]; OR 0.529 [95% CI 0.358–
.783]; OR 0.686 [95% CI 0.652–0.720], respectively) (Table 2).
rehabilitation.
Rehabilitation indication
OR [95% CI]
1.176 [1.111–1.244]
1.193 [1.124–1.266]
1.095 [1.009–1.189]
1.072 [1.023–1.123]
1.033 [0.981–1.088]
14.972 [12.967–17.286]
8.760 [7.375–10.405]
13.988 [12.079–16.200]
2.145 [1.790–2.570]
12.418 [10.847–14.216]
2.971 [2.538–3.477]
1.288 [1.213–1.366]
1.234 [1.127–1.352]
0.858 [0.760–0.967]
0.994 [0.917–1.078]
0.478 [0.452–0.505]
1.291 [1.213–1.375]
1.358 [1.282–1.439]
1.780 [1.661–1.907]
2.212 [1.973–2.479]
1.989 [1.659–2.386]
0.759 [0.708–0.813]
0.529 [0.358–0.783]
1.302 [1.196–1.417]
0.912 [0.743–1.121]
1.651 [1.074–2.538]
1.285 [1.191–1.386]
1.297 [1.141–1.475]
1.145 [1.085–1.209]
1.196 [1.131–1.264]
0.686 [0.652–0.720]
1.723 [1.693–1.754]
0.256, 0.344withits; IHV, intermediate volume hospital; HVH, high volume hospital.
171V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 6Table 3 – Patient characteristics and outcomes by rehabilitation among propensity matched-pair patients.
No rehabilitation Rehabilitation p
Overall 11655 11655
Age
Mean age [SD] 69.5 [13.6] 69.5 [12.6] 0.947†
15–64 years 3670 (31.5) 3818 (32.8) 0.007
65–74 years 3329 (28.6) 3426 (29.4)
75–84 years 3307 (28.4) 3180 (27.3)
85–years 1349 (11.6) 1231 (10.6)
Gender
Male 6924 (59.4) 6986 (59.9) 0.408
Ambulance use 4713 (40.4) 4333 (37.2) 0.001
Transfer at other facilities 3021 (25.9) 3381 (29.0) 0.001
Principal disease
Transient ischemic attack 519 (4.5) 262 (2.2) 0.001
Lacunar infarction 1558 (13.4) 1645 (14.1)
SAH 713 (6.1) 734 (6.3)
Hemorrhage 1625 (13.9) 1562 (13.4)
Nontraumatic subdural hematoma 695 (6.0) 519 (4.5)
Infarction 5653 (48.5) 6155 (52.8)
RIND 892 (7.7) 778 (6.7)
Consciousness level at admission
Alert 6792 (58.3) 7337 (63) 0.001
Drowsy 3510 (30.1) 3111 (26.7)
Semicoma 1047 (9.0) 891 (7.6)
Coma 306 (2.6) 316 (2.7)
Barthel index at admission
Dependent 5751 (49.3) 5049 (43.3) 0.001
Assisted independence 2039 (17.5) 1759 (15.1)
Nearly complete independence 3865 (33.2) 4847 (41.6)
ICU admission 3354 (28.8) 2907 (24.9) 0.001
Charlson comorbidity index
1 3173 (27.2) 3175 (27.2) 0.588
2 1514 (13) 1467 (12.6)
3 472 (4.0) 436 (3.7)
4 or more 169 (1.5) 164 (1.4)
Preexisting cerebrovascular disease 1842 (15.8) 1833 (15.7) 0.871
Preexisting dementia 44 (0.4) 32 (0.3) 0.168
Atrial fibrillation or flutter 857 (7.4) 816 (7.0) 0.298
Procedure related complication 146 (1.3) 142 (1.2) 0.813
Deep vein thrombosis and pulmonary embolism 32 (0.3) 28 (0.2) 0.605
Procedure
Surgical procedure present 2568 (22.0) 2139 (18.4) 0.001
Ward of rehabilitation initiated
Generalized unit *** 10513 (90.2) ***
ICU 1142 (9.8)
Ventilation
Administered 511 (4.4) 445 (3.8) 0.029
Hospital volume
LVH 4078 (35) 3930 (33.7) 0.065
IVH 4004 (34.4) 4011 (34.4)
HVH 3573 (30.7) 3714 (31.9)
Teaching status
Community 8206 (70.4) 8145 (69.9) 0.383
Academic 3449 (29.6) 3510 (30.1)
Fiscal year
2004 2097 (18.0) 1972 (16.9) 0.001
2005 3460 (29.7) 2180 (18.7)
2006 2411 (20.7) 4529 (38.9)
2007 1946 (16.7) 1940 (16.6)
2008 1741 (14.9) 1034 (8.9)(continued on next page)
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172 V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 6Among propensity score matched-pair patients, the pro-
ortion of study variables was significantly different except
or sex (P 0.408), CCI (P 0.588), pre-existing CVD (P 0.871),
ementia (P  0.168), atrial fibrillation or flutter (P  0.298),
omplications (P  0.813), deep vein thrombosis and pulmo-
ary embolism (P  0.605), hospital volume (P  0.065), and
eaching status (P  0.383). Mean LOS and TC were higher in
hose patients who received rehabilitation, whereas BI im-
rovement scores were significantly lower than in those with
o rehabilitation (Table 3).
Table 4 identifies the factors associated with improvement
f BI. SAH and subdural hematomas, but not hospital volume
nd teaching status, were associated with a greater BI im-
rovement compared with other diseases. Older patients,
hose transferred to other facilities, and those with pre-exist-
ng dementia were associated with less BI improvement. Re-
abilitation at generalized units produced more BI improve-
ent than no rehabilitation or at ICUs. Rehabilitation initiated
t an ICU or the administration of ventilation was a determi-
ant of reduced BI improvement among the rehabilitation
rovision group. Neither hospital patient volume nor teaching
tatus was a determinant of BI improvement in any of the
odels. A longer LOS and advancing age category were asso-
iated with less BI improvement consistently in any of the
tudy models, whereas there was no significant interaction
ffect of earlier rehabilitation initiation and study age catego-
ies (Model 3).
A higher TCwas observed in patients admitted to an ICU and
hosewho received ventilation administration. Rehabilitation at
ny of themedical units and high-volume hospitals was accom-
anied by a greater TC compared with no rehabilitation and
ther volume category hospitals. Deferred rehabilitation inde-
endently consumed less TC in model 2, and this was not iden-
ified in any study age category in model 3 (Table 5).
iscussion
sing a large Japanese administrative database, we examined
he patient characteristics, care process, comorbidities and
omplications, BI improvement score, and resource use
mong rehabilitation provision, and attempted to indicate the
Table 3 (continued)
No
Improvement of BI
Deterioration
No change
Improvement
Resource use
Mean LOS, days [SD]
Mean TC, $ [SD]
BI improvement, mean, median [SD, IQ] 2
SD, Standard deviation; SAH, Subarachnoid hemorrhage; RIND, revers
tile range; LVH, low hospital volume; IVH, Intermediate volume hos
charge.
† : tested by analysis of variance. Remainder tested by chi-square tes
*** : not examined.dvantage of earlier initiation of rehabilitation for patients uith CVD. Rehabilitation was delivered more each year. With
ncreasing age, a reduced residual capacity for functional re-
overy was observed. However, deferred rehabilitation was
ot found to deteriorate the functional recovery. A longer LOS
as an independent variable of decreasing BI improvement.
ehabilitation initiated at ICUs was associated with less BI
mprovement than at a generalized unit. Benefits associated
ith rehabilitation in acute care hospitals were not detected
n hospital patient volume or teaching status.
Several reports have indicated and recommended the ben-
fit of rehabilitation and initiating rehabilitation early in co-
peration with a referral policy consisting of discharge to the
ome or to other facilities that provide more intensive reha-
ilitation as soon as possible. The benefit of rehabilitationwas
onfirmed among elderly patients by Kugler et al. [27], in
hose study advanced age was not regarded as a limiting fac-
or in early rehabilitation. Rabadi et al. [29] also concluded that
atients with cognitive impairment should be given the same
ccess to acute rehabilitation as stroke patientswhowere cog-
itively intact. Saposnik et al. [30] researched the effect of age
n stroke management and care delivery in acute care set-
ings and recognized that stroke care delivery including diag-
ostic imaging, medical care, or physiotherapy was similar
cross all age groupswith the exception of a slightly lower rate
n the 80 years or older group. Their common concerns sur-
ounded health care costs as well as the phenomenon of the
rowing elderly population, which is assumed to become such
n economic burden that stakeholders would be forced to de-
ate on the sustainability of the health care or social system,
specially in Japan [31]. Therefore, costs of either home-based
r hospital-based rehabilitation were compared and balanced
y Andersson et al. [6]. However, there has never been a com-
arative and quantitative evaluation on the appropriate com-
encement of rehabilitation and on the quality of rehabilita-
ion in acute care hospitals in terms of balancing resource use
nd care-related outcomes gained. Therefore, our study was
onducted to compare the benefits associatedwith several age
ategories, care settings, and the relevant case mix.
This study showed that there was the variation in rehabil-
tation indications among study age categories. Our study
opulation enrolled many elderly patients ages 75 years or
lder in whom surgical procedures and rehabilitation were
bilitation Rehabilitation p
(4.2) 746 (6.4) 0.001
(47.6) 5351 (45.9)
(48.3) 5558 (47.7)
[19.1] 27.5 [22.4] 0.001†
[9118] 11668 [10806] 0.001†
[30.8, 40] 17.1, 0 [30.4, 30] 0.001†
schemic neurological deficits; ICU, Intensive care unit; ID, interquar-
; HVH, high volume hospital; LOS, length of hospital stay; TC, totalreha
487
5542
5626
18.5
8177
0.2, 0
ible i
pital
t.sed, in 19.8% and 45.4% of the 75- to 84-year-old group and
173V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 6Table 4 – Factors associated with improvement of Barthel index among propensity match-pair patients.
Independent variables Model 1 Model 2 Model 3
B 95% CI B 95% CI B 95% CI
Intercept 46.7 [44.4–49.0] 52.3 [48.8–55.8] 51.8 [48.2–55.4]
Age (for 15–64 years)
65–74 years 3.5 [4.3–2.7] 4.2 [5.3–3.2] 3.6 [4.9–2.2]
75–84 years 7.8 [8.6–7.0] 7.8 [8.9–6.6] 7.3 [8.6–5.9]
85–years 16.4 [17.5–15.3] 16.5 [18–14.9] 15.2 [17.1–13.4]
Male 1.4 [0.8–2.0] 1.0 [0.1–1.8] 0.9 [0.1–1.8]
Transfer at other facilities 20.8 [21.6–20.0] 17.9 [19.0–16.8] 17.9 [19–16.8]
Ambulance 3.3 [2.7–4.0] 2.5 [1.5–3.5] 2.5 [1.5–3.5]
Principle Diagnosis
(for transient ischemic attack)
Lacunar 0.2 [2.0–1.6] 1.1 [4.1–1.9] 1.0 [4.0–2.0]
SAH 18.9 [16.7–21.1] 18.0 [14.4–21.6] 17.9 [14.3–21.5]
Hemorrhage 0.1 [2.0–1.7] 1.3 [4.3–1.8] 1.2 [4.3–1.8]
Subdural hematoma 7.7 [5.4–10.0] 4.8 [1.1–8.5] 4.8 [1.1–8.5]
Infarction 0.4 [1.3–2.1] 1.1 [3.9–1.8] 1.1 [3.9–1.8]
RIND 0.5 [1.5–2.6] 0.2 [3.1–3.4] 0.2 [3.1–3.5]
Consciousness level at admission
(for alertness)
Drowsy 0.0 [0.7–0.8] 0.2 [0.9–1.3] 0.2 [0.9–1.3]
Semicoma 0.4 [1.6–0.9] 1.0 [0.8–2.8] 0.9 [0.9–2.7]
Coma 3.9 [5.9–1.9] 3.5 [6.3–0.7] 3.6 [6.4–0.8]
Barthel index at admission (for dependence)
Assisted independence 22.0 [22.9–21.1] 22.2 [23.5–20.8] 22.2 [23.5–20.8]
Nearly complete independence 44.5 [45.3–43.7] 43.9 [45.1–42.8] 44.0 [45.1–42.8]
ICU admission 4.4 [3.5–5.4] 4.4 [3.0–5.8] 4.3 [2.9–5.8]
Charlson comorbidity index (for zero)
1 0.3 [0.5–1.1] 0.1 [1.2–1.0] 0.1 [1.2–1.0]
2 1.1 [2.1–0.2] 1.0 [2.4–0.3] 1.0 [2.4–0.4]
3 0.2 [1.8–1.4] 0.7 [2.9–1.6] 0.6 [2.9–1.6]
4 or more 0.8 [3.3–1.7] 1.4 [5.0–2.1] 1.3 [4.9–2.2]
Preexisting cerebral vascular accident 0.5 [1.5–0.4] 0.3 [1.7–1.0] 0.3 [1.7–1.0]
Preexisting dementia 7.7 [12.8–2.6] 5.5 [13.3–2.4] 5.5 [13.4–2.3]
Atrial fibrillation or flutter 0.2 [1.4–0.9] 0.5 [2.2–1.1] 0.5 [2.1–1.2]
Procedure related complication 0.2 [3.0–2.5] 2.5 [6.5–1.4] 2.4 [6.4–1.6]
Deep vein thrombosis and pulmonary
embolism
0.8 [5.0–6.5] 1.0 [7.4–9.5] 1.1 [7.3–9.5]
Procedure (reference; conservative) 4.4 [5.5–3.3] 4.1 [5.8–2.5] 4.2 [5.8–2.5]
Ward of rehabilitation initiated
(for no rehabilitation)
Generalized unit 2.1 [1.4–2.8] Reference Reference
ICU 0.5 [2.0–1.1] 2.2 [4.0–0.4] 2.1 [3.9–0.3]
Ventilation 2.1 [3.8–0.4] 2.6 [5.1–0.1] 2.6 [5.2–0.1]
Hospital volume (reference; LVH)
IVH 0.7 [1.2–2.5] 1.0 [2.9–1.0] 1.0 [2.9–0.9]
HVH 0.0 [2.4–2.4] 0.5 [2.9–1.9] 0.5 [2.9–1.9]
Hospital (reference; community)
Academic 1.3 [3.1–0.5] 1.5 [3.4–0.4] 1.5 [3.4–0.4]
Fiscal year (for 2004)
2005 0.2 [0.8–1.1] 0.3 [1.7–1.1] 0.2 [1.7–1.2]
2006 0.6 [0.3–1.5] 0.4 [1.7–0.9] 0.4 [1.7–1.0]
2007 1.6 [0.6–2.7] 1.2 [2.8–0.4] 1.2 [2.8–0.4]
2008 1.9 [0.7–3.0] 0.5 [2.3–1.4] 0.5 [2.3–1.4]
One-day longer length of hospital stay 0.105 [0.122–0.088] 0.131 [0.155–0.107] 0.131 [0.155–0.107]
One-day delay of rehabilitation initiation *** 0.003 [0.042–0.047] ‡0.060 [0.010–0.131]
§0.012 [0.088–0.063]
¶0.003 [0.061–0.067]
#0.083 [0.180–0.014]
Akaike information criteria 211583.4 105843.3 105842.8
B, unstandardized coefficient; CI, confidence interval; SAH, subarachnoid hemorrhage; RIND, reversible ischemic neurological deficits; ICU,
intensive care unit; LVH, low hospital volume; IVH, intermediate volume hospital; HVH, high volume hospital.
‡ § ¶ #; age 15–64 years, ; 65–74 years, ; 75–84 years, ; 85–years, *** ; not enrolled.
174 V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 6Table 5 – Factors associated with total charge among propensity matched-pair patients.
Independent variables Model 1 Model 2 Model 3
B 95% CI B 95% CI B 95% CI
Intercept 889 [1263–516] 384 [988–220] 698 [1306–91]
Age (for 15–64 years)
65–74 years 263 [387–139] 367 [543–190] 165 [390–60]
75–84 years 519 [649–388] 641 [829–453] 134 [363–95]
85–years 1157 [1336–977] 1307 [1569–1045] 659 [967–350]
Male 245 [144–346] 305 [159–452] 309 [163–454]
Transfer at other facilities 361 [233–488] 411 [232–590] 401 [223–580]
Ambulance 339 [226–453] 216 [51–381] 217 [53–381]
Principle Diagnosis (for transient ischemic
attack)
Lacunar 486 [190–782] 923 [422–1424] 942 [443–1441]
SAH 11634 [11272–11996] 13533 [12931–14135] 13433 [12833–14033]
Hemorrhage 927 [1231–623] 886 [1399–374] 880 [1391–370]
Subdural hematoma 4305 [4682–3928] 4274 [4895–3654] 4260 [4878–3641]
Infarction 532 [257–807] 1014 [538–1490] 1023 [549–1497]
RIND 622 [292–953] 1447 [904–1990] 1470 [928–2011]
Consciousness level at admission
(for alertness)
Drowsy 253 [129–376] 235 [52–418] 214 [31–396]
Semicoma 881 [680–1081] 838 [537–1138] 787 [487–1086]
Coma 1308 [977–1640] 2140 [1670–2611] 2051 [1582–2520]
Barthel index at admission (for dependence)
Assisted independence 171 [21–321] 99 [128–325] 73 [152–299]
Nearly complete independence 60 [71–191] 78 [108–264] 68 [118–253]
ICU admission 2219 [2067–2370] 2493 [2253–2734] 2447 [2207–2686]
Charlson comorbidity index (for zero)
1 66 [61–193] 111 [73–295] 107 [76–291]
2 101 [55–257] 17 [210–243] 23 [203–249]
3 127 [132–386] 34 [417–348] 22 [404–359]
4 or more 210 [198–617] 75 [667–517] 33 [623–557]
Preexisting cerebral vascular accident 288 [133–442] 327 [101–553] 312 [87–537]
Preexisting dementia 382 [1218–454] 663 [1974–647] 701 [2007–605]
Atrial fibrillation or flutter 92 [282–97] 17 [293–259] 7 [282–268]
Procedure related complication 1891 [1440–2342] 2714 [2054–3375] 2772 [2113–3430]
Deep vein thrombosis and pulmonary
embolism
763 [175–1702] 809 [593–2211] 821 [576–2218]
Procedure (reference; conservative) 5629 [5450–5807] 5841 [5567–6114] 5809 [5536–6082]
Ward of rehabilitation initiated (for no
rehabilitation)
Generalized unit 954 [844–1064] Reference Reference
ICU 3050 [2797–3304] 1668 [1374–1963] 1760 [1465–2054]
Ventilation 6177 [5894–6460] 6834 [6410–7257] 6809 [6387–7230]
Hospital volume (reference; LVH)
IVH 368 [74–661] 378 [11–767] 355 [32–743]
HVH 685 [314–1056] 586 [99–1073] 576 [92–1060]
Hospital (reference; community)
Academic 1124 [841–1406] 1347 [971–1722] 1321 [947–1695]
Fiscal year (for 2004)
2005 200 [48–352] 300 [66–534] 324 [90–557]
2006 138 [12–287] 190 [35–415] 240 [16–464]
2007 346 [173–520] 493 [227–758] 538 [273–803]
2008 177 [14–368] 469 [156–783] 509 [196–821]
One-day longer length of hospital stay 273 [271–276] 270 [265–274] 270 [266–274]
One-day delay of rehabilitation initiation *** 15 [23–8] ‡21 [9–33]
§2 [15–10]
¶35 [46–25]
#53 [69–37]
Akaike information criteria 449305.0 225138.7 225057.3
B; unstandardized coefficient. CI; confidence interval. SAH; Subarachnoid hemorrhage. RIND; reversible ischemic neurological deficits.
ICU; intensive care unit. LVH; Low hospital volume. IVH; Intermediate volume hospital. HVH; high volume hospital.
‡ § ¶ #; age 15–64 years, ; 65–74 years, ; 75–84 years, ; 85–years, *** ; not enrolled.
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175V A L U E I N H E A L T H 1 4 ( 2 0 1 1 ) 1 6 6 – 1 7 68.6% and 49.3% in the 85-years-old-or-older group, respec-
ively. These findings, supported by reports from Kugler et al.
27], Rabadi et al. [29], and Saposnik et al. [30], should be ac-
nowledged by policymakers or clinical societies in Organiza-
ion for Economic Co-operation and Development (OECD)
ountries, which should distribute stroke-related care equally
f patient physical conditions are promising and rehabilitation
s permitted, without any unreasonable discrimination of the
atient case mix. Our study also indicated that there was a
radually decreasing residual capacity in functional recovery
n the advanced age category, especially in octogenarians, and
hat a 1-day delay in providing rehabilitation did not produce
estoration to the usual daily activity as in the other age cate-
ories. Longer hospitalization in acute care hospitals by itself
as an individual determinant of diminishing BI improve-
ent. However, this is because the definition of acute care
ospitals is broader and LYE is 2 to 4 years longer than in other
ECD countries [32].
Surgical procedures and ventilation administration can be
hysically invasive and require patients to have bed rest, re-
ulting in neuromuscular complications and more resource
se [20,33]. Therefore, we need a more effective rehabilitation
ethodology or technology to enhance physical rehabilitation
or critically ill patients, because functional recovery by reha-
ilitation delivered in the ICU is not superior to the recovery
een in generalized wards or to those patients receiving no
ehabilitation [20].
We found that academic hospitals and high-volume hospi-
als provided more inefficient CVD care because they did not
ave any improvement in BI in spite of a higher TC. The role of
ultidisciplinary CVD care should be acknowledged, even
hough academic hospitals might prioritize educating post-
raduate trainees and provide more invasive surgical care
ather than providing rehabilitation. In case those acknowl-
dgements are not feasible, early rehabilitation using a refer-
al policy for rehabilitation intensive facilities should be ac-
nowledged again by policy makers. The offsetting effect of a
onger LOS on the functional recovery in acute care hospitals
ould further that policy. At the same time, policy makers
hould be mindful of the probability of undesirable conse-
uences that might be accelerated by initiatives promoting
arly rehabilitation, such as the transfer of patients with triv-
al functional recovery without delivering acute medical care
ufficient to restore optimal physical conditions. Factors pre-
icting earlier transfer in the acute care setting could be mea-
ured and monitored to implement a fair health policy.
This study had some limitations. First, this study was ob-
ervational, and information was gathered from discharged
atients during only 4 months per year, which may have lim-
ted the ability to generalize our results. However, the study
eriod is expected to extend throughout the year in FY 2010.
he MHLW will collect more exhaustive data, and this first
imitation should ultimately be overcome. Second, we had no
ostdischarge follow up data. Longer hospitalization in Japan
ight in part denote a functional recovery course, although
inking this administrative database with claims data for
ursing care facilities would allow follow up of long-term
unctional recovery [32]. Third, we excluded the cases with
issing or unspecified data in any score of a patient’s perfor-ance in 10 activities of daily life. Excluded patients were
ikely to be older, at the worst consciousness level, and more
omorbid (see annex table 1 at: 10.1016/j.jval.2010.10.028.).
he findings might have been underestimated and should be
nterpreted cautiously. Fourth, there was a shortage of some
mportant clinical data, including the presence/severity of
ognitive impairment, the onset time of CVD, National Insti-
utes of Health stroke severity, and functional status assessed
y the Modified Rankin Scale, all of which are parameters of-
en used in health service research [7–11,27,29]. The Japanese
troke Databank (JSD) has collected such clinically informa-
ive data, and wemay be able to obtain more meaningful data
sing the administrative database aswell as JSD becausemost
ospitals participating in the JSD were also involved in this
roject [34]. Therapeutic agents, such as tissue plasminogen
ctivators for ischemic stroke, also were not considered. This
dministrative database contained information on the quan-
ity and the date of care items delivered. The impact of reha-
ilitation on quality of CVD care associated with such an in-
ovative care process should bemeasured in future studies. In
ddition, this methodology could be applied to degenerative
usculoskeletal diseases or geriatric trauma, and the value in
ehabilitation should be comprehensively evaluated.
In conclusion, using a Japanese administrative database,
e have confirmed the effect of rehabilitation and early
nitiation of rehabilitation in acute care settings on func-
ional recovery for CVD patients. There was a variation in BI
mprovement and TC among rehabilitation provisions.
arly rehabilitation did not cause BI improvement, but a
onger LOS was demonstrated to accompany the reduction
n functional recovery. There remains a need to improve the
fficiency of CVD care in higher-patient-volume hospitals, ac-
demic hospitals, and ICUs. Policymakers shouldmonitor un-
ecessary, long hospitalization in acute care hospitals. They
hould also acknowledge the value of rehabilitation in acute
are hospitals, take an active and fair role to implement refer-
al policies in rehabilitation-intensive facilities, and develop
ffective rehabilitation strategies using interventions to opti-
ize functional outcomes.
upplementary Data
upplementary data associatedwith this article can be found, in
he online version, at 10.1016/j.jval.2010.10.028.
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